Background Medication-related hospital admissions (MRAs) are frequently used to measure outcomes in studies involving medication reviews. The process of identifying MRAs is subjective and time-consuming, and practical, validated alternatives are required. Objective The aim of this study was to develop and validate a practical tool to identify MRAs. Setting Uppsala University Hospital, Sweden. Method We reviewed existing literature on methods to identify MRAs. The tool AT-HARM10 was developed using an iterative process including content validity and feasibility testing. The tool's inter-rater reliability (IRR) and criterion-related validity (CRV) were assessed: four pairs of either final-year undergraduate or postgraduate pharmacy students applied the tool to one of two batches of 50 older patients' hospital admissions. Assessment of the same 100 admissions by two experienced clinicians acted as gold standard. Main outcome measure Cohen's and Fleiss' kappa for IRR, and sensitivity, specificity, and positive and negative predictive value for CRV. Results AT-HARM10 consists of ten closed questions to distinguish between admissions that are unlikely to be and those that are possibly medication-related. The IRR was moderate to substantial (Cohen's kappa values were 0.45-0.75 and Fleiss' kappa values were 0.46 and 0.58). The sensitivity and specificity values were 70/86% and 74/70%, positive and negative predictive values were 73/74% and 71/83% respectively. Both AT-HARM10 and the gold standard identified approximately 50% of the admissions as MRAs. Conclusion AT-HARM10 has been developed as a practical tool to identify MRAs and the tool is valid for use in older patients by final-year undergraduate and postgraduate pharmacy students.
Introduction
Medication-related problems (MRPs) are highly prevalent among older patients taking multiple medications, and can lead to a negative impact on health outcomes and Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1109 6-018-0768-8) contains supplementary material, which is available to authorized users. increasing healthcare costs [1] . MRPs are defined here as "undesirable patient experiences that involve medication therapy and that actually or potentially interfere with desired patient outcomes" [2] . These not only involve adverse drug reactions (ADRs) to prescribed medication, but can also involve problems such as inappropriate prescribing and non-compliance, and problems related to over-the-counter (OTC) medications. Up to 30% of older patients' hospital admissions can be attributed to MRPs [3, 4] . Over half of these medication-related admissions (MRAs) are possibly or definitely preventable [5] [6] [7] [8] .
Healthcare interventions, such as medication reviews, have been introduced to promote appropriate prescribing, increase the correct use of medications and decrease the incidence of MRAs [9] [10] [11] . As such interventions primarily target medications and medication-related issues, MRAs are consequently the main admissions that they can impact. The use of the incidence of MRAs as an outcome measure has therefore recently been proposed as part of a standard core-outcome set for studies involving medication reviews in older patients taking multiple medications [12] .
However, there is no validated method of identifying MRAs. The most common method is for an expert panel to assess the patient's medical record and reach a consensus [11, 13, 14] . The use of an expert panel is often viewed as the "gold standard". In medicine, a gold standard refers to a test, a treatment, or a benchmark that is the best available under reasonable conditions [15] . An expert panel assessment involves the use of senior clinicians or researchers and is often time-consuming, which makes it a costly method. To lower research costs, involvement of under-or postgraduate students should be considered in academic research [16] . However, the identification of MRAs by either an expert panel or students will inevitably introduce a degree of subjectivism. The use of standardized methods that have been tested for reliability and validity can minimize this subjectivism [15, 17, 18] . Validated tools for determining the association between ADRs and hospital admissions, such as the Naranjo algorithm, are often used [19] [20] [21] [22] [23] . Unfortunately, none of these tools have been developed to identify the full range of MRPs that can result in hospital admissions, leading to the risk of underestimating the incidence of MRAs. In fact, noncompliance has been found to be one of the largest contributors to MRAs [5, 24, 25] . One standardized method to identify the full range of MRAs in older people has recently been developed [26] . However, the performance of this method in terms of predictive validity, sensitivity and specificity has not yet been validated and it also uses an expert panel for the assessment.
Our research group is currently carrying out a cluster-randomized controlled trial [the Medication Reviews Bridging Healthcare (MedBridge) study] which aims to evaluate the effects of comprehensive medication reviews in hospitalized older patients [27] . One of the outcome measures is the incidence of MRAs, and more than 5000 readmissions are expected during the 12-month follow-up period. There is thus a need for a practical assessment tool, defined as being possible to use by under-or postgraduate pharmacy students, within a limited time frame and without the need for an expert panel.
Aim of the study
The aim of this study was to develop and validate a practical tool to identify MRAs.
Ethics approval
This study is part of the MedBridge study, which has received ethical approval from the Swedish Central Ethical Review Board (CEPN Ö21-2016). Additional approval for the medical record screening of non-MedBridge study participants was received from Uppsala University Hospital, in compliance with local regulations.
Method

Development of the tool
The first part of the study was an unstructured review of the available literature to find existing methods or tools used to identify MRAs. Relevant articles related to MRAs were obtained using the Medline database in February 2016. Articles in languages other than English or Swedish and abstract-only articles were excluded. The literature search identified several articles using various methods to identify MRAs [3, 4, 6, 11, 13, 25, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . Some studies included a variety of MRPs [3, 4, 11, 25, 31, 32, 34, 35, [37] [38] [39] as causes of MRAs, often referring to existing MRP classification systems like the eight categories by Strand et al. [2] . Some studies only included ADRs [6, 13, 29, 30, 33, 36, 40] . When assessing causality, one study [28] used completely implicit methodology while all the others [3, 4, 6, 11, 13, 26, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] used established criteria such as the Naranjo probability scale [21] , the Hallas criteria [22] or the Kramer algorithm [20] to guide an expert panel (consisting of physicians or pharmacists with various degrees of seniority).
The results of the literature search were used to develop the preliminary version of our tool. We defined an MRA as a hospital admission of which an MRP is either the main cause for admission or a significantly contributing cause for admission (i.e. without the MRP, the patient would not have been admitted). Elements from established tools and previously published studies were listed to include all relevant categories of MRPs with the potential to cause, or contribute to, a hospital admission, and to include reasons for classifying admissions as non-medication-related [2, 5, 11, 19-21, 25, 41-46] . Overlapping elements were combined and reformulated. The tool was designed in the form of a questionnaire with yes/no answers, and it consisted of ten questions in the final version (Table 1) . Explicit lists with medication-specific triggers or clinical rules were excluded to make the tool less time-consuming. The rationale for choosing the questionnaire format was that it would be easy to use. Questions 1-3 in the tool are used to identify admissions that are unlikely to be medicationrelated (U1-3), while questions 4-10 are used to identify possibly MRAs (P4-10). The assessment is finished as soon as the answer is "yes" to any of the questions. Only if all the questions are answered "no", the assessment is indecisive and should still be examined by an expert panel. The terms unlikely and possibly are in line with the causality terminology of the UMC-WHO system [23] . The reason for not distinguishing between other degrees of certainty or preventability was to make the assessment not too complex and time-consuming. For the same reason, we decided that only a limited amount of data would be available for the assessments (admission notes, medication list upon admission, laboratory data during hospital stay, and discharge summary). Instructions for use, including examples, were developed for the tool ("Supplementary material").
Content validity
The concept of content validity relies on the assumption that a tool is intrinsically valid if all relevant aspects and no irrelevant aspects are included [17] . The content validity of the preliminary version of the tool was assessed using a questionnaire to score each question for relevance, understandability and completeness. Seven clinical pharmacists were asked to fill in the questionnaire and were encouraged to suggest additions or modifications. The questions that gained low scores were deleted or changed. Two questions (P9-10; Table 1 The final version of the assessment tool for identifying hospital admissions related to medications (AT-HARM10) Three questions are used to identify admissions that are unlikely to be medication-related (U1-U3) and seven questions (P4-P10) to identify possible medication-related admissions. References to criteria used in existing tools or former studies that were identified in the literature search, and the corresponding eight medication-related problem (MRP) categories by Strand et al. [2] , are listed for each question (1-8) n.a. not applicable, MRP medication-related problem Question References MRP category [2] U1. Was the admission caused by an infection or a previously undiagnosed disease (e.g. diabetes or heart failure) that is not medication-related? [44, 45] n.a. One hundred admissions of patients aged 65 years or older, discharged from two internal medicine wards at Uppsala University Hospital between January and April 2016, were randomly selected to test the content validity of the final version of the tool. Data were obtained from the hospital's electronic medical record system (Cosmic ® ). Seven pharmacy students (five final-year undergraduates, one doctoral student and one postgraduate clinical pharmacy student) received information about the tool ("Supplementary material") and a 1-h training by two researchers (YA-S and UG) on how to use the tool. One of the researchers (UG) was an experienced clinical pharmacist and researcher. The students then applied the tool to five admissions (none of which were subsequently used in the study). The results of the assessments were discussed in plenum. Each student assessed 50 or 100 of these admissions (see "Inter-rater reliability" section), resulting in a total of 400 assessments. The number of the specific question within AT-HARM10, that was used to classify each admission as unlikely to be or possibly medication-related, was recorded for these 400 assessments, to determine whether all questions were relevant and which questions were used the most.
Clinical utility
An assessment tool must be practical and it should be possible to use it within a reasonable time frame [48] . Fifteen clinical pharmacists each applied the tool to 10 randomly selected admissions of patients aged 65 years or older, discharged from one internal medicine ward and one geriatric ward at Uppsala University Hospital (Sweden) between December 2015 and January 2016. Data were obtained from the hospital's electronic medical record system (Cosmic ® ). The pharmacists evaluated whether the limited patient data provided for the assessments were sufficient to satisfactorily answer the questions. They also discussed the tool's appropriateness and user-friendliness. Time spent on assessing the admissions was measured and averaged to determine the acceptability of the time taken.
Inter-rater reliability
The inter-rater reliability (IRR) refers to the degree of consistency among the assessors when assessing the same set of samples [15] . The seven participants of the content validity test (five undergraduate and two postgraduate pharmacy students) were divided into four pairs (one student was part of both pair 1 and 4 to enable the formation of four pairs). The pairs consisted of either only postgraduate students or only undergraduate students ( Table 2) .
The tool, instructions for use and examples ("Supplementary material"), and anonymized patient data from 50 admissions (either 1-50 or 51-100 of the 100 admissions used for the content validity test, see "Content validity" section) were sent to each assessor. These patient data consisted of copies of the electronic medical records: admission notes, medication list upon admission, laboratory data during hospital stay and discharge summary.
Each assessor then independently applied AT-HARM10 to their assigned 50 hospital admissions, classifying them as either unlikely to be or possibly MRAs. After assessing the admissions separately, each pair of assessors discussed the admissions that they disagreed on to reach consensus. Cohen's kappa within each couple and Fleiss' kappa between pairs assessing the same admissions were calculated to determine the IRR. Cohen's kappa measures the agreement between two assessors and Fleiss' kappa is used in cases with more than two assessors [15, 49] 
Criterion-related validity
The traditional definition of criterion-related validity (CRV) is a measure of the validity of a tool by correlating the results with those from some other measure, ideally a gold standard, which has been used and accepted in the field [17] . The sensitivity, specificity, positive predictive Sensitivity: The probability that the tool will detect possible medication-related admissions (MRAs) among the admissions that are truly related to medication according to the gold standard Specificity: The probability that the tool will detect unlikely to be MRAs among admissions that are truly not related to medication according to the gold standard Positive predictive value (PPV): The percentage of admissions identified by the tool as possibly MRAs that are truly related to medication according to the gold standard Negative predictive value (NPV): The percentage of admissions identified by the tool as unlikely to be MRAs that are truly not related to medication according to the gold standard
We defined the gold standard as an expert panel of experienced clinicians. One consultant physician (geriatrics and primary care specialist) and one senior clinical pharmacist and researcher (UG) assessed the same 100 admissions as the four pairs of study assessors, see "Inter-rater reliability" section. The experts had access to all patient data in the electronic medical journal. These data included medical notes from all healthcare professionals, medication histories, and laboratory results from both hospital and primary care facilities. They did not use AT-HARM10 or any other tool for the evaluations. The experts assessed the admissions individually, classifying them as either unlikely to be or possibly an MRA. They then discussed the cases on which they disagreed to reach consensus and hence created the gold standard for the 100 admissions. In cases where consensus could not be reached, a third expert was available for a decisive vote.
The sensitivity, specificity, PPV and NPV were calculated according to the formula in Table 3 . The primary outcomes for the CRV were the consensus results of the AT-HARM10 assessments of all 100 patient admissions, performed by couples 1 + 3 and 2 + 4, compared to the gold standard.
Results
Clarification: all results in this section relate to the testing of the final tool, AT-HARM10, not to the work done on earlier versions of the tool as this was covered in the Methods section above.
Content validity
After the development phase resulting in the final tool, AT-HARM10, the question that was used most often when assessing the admissions was question U1 (148/400), followed by questions P8 (75/400), P4 (68/400) and P5 (47/400), see Fig. 1 . All the questions were used at least twice. In all cases, at least one question was answered with "Yes", hence no expert panel was needed. Table 3 Formula used to calculate sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) as outcome measures for the criterion-related validity MRA medication-related admission Fig. 1 The number of times each of the questions (U1-3 and P4-10) were used by within 400 assessments of in total 100 admissions Table 4 Inter-rater reliability between assessors using AT-HARM10 
Clinical utility
According to the fifteen assessing clinical pharmacists, AT-HARM10 was sufficiently relevant and user-friendly and was easy to use; no further changes were suggested. The limited data obtained from the example patients were deemed sufficient to answer the questions in the tool. The time used to assess each admission was on average 5.7 (range 2.5-14) min.
Inter-rater reliability
The strength of agreement was substantial for one pair of study assessors (Cohen's kappa 0.75) and moderate for the other three (Cohen's kappa 0.45-0.57), see Table 4 . The strength of agreement among all assessors was moderate (Fleiss' kappa 0.58 and 0.46 for the two batches of data).
Criterion-related validity
The gold standard experts reached consensus for all 100 assessments, which resulted in 50% of the 100 admissions being classified as unlikely to be and 50% as possibly a MRA. Pairs 1 + 3 and 2 + 4 assigned 52% and 42%, respectively, to unlikely, and 48% and 58%, respectively, to possibly. The sensitivity was 70% and 86% for pairs 1 + 3 and 2 + 4, respectively. The specificity was 70% and 74% for 1 + 3 and 2 + 4, respectively. The PPV and NPV were 73%/74% for 1 + 3/2 + 4 and 71%/83% for 1 + 3/2 + 4, respectively (Table 5 ).
Discussion
We have developed a tool for identifying MRAs, AT-HARM10, and validated the tool for use in older patients by final-year undergraduate or postgraduate pharmacy students. The IRR, with Cohen's kappa values ranging from 0.45 to 0.75 and Fleiss' kappa values of 0.46 and 0.58, was moderate to substantial, and the CRV, with values ranging from 70 to 86%, was moderate to high [15] . No expert panel was needed for the assessments using AT-HARM10. An assessment took on average 6 (range 2.5-14) min, meaning that the expected 5000 readmissions in the MedBridge study can be assessed in 500 h. The recently published method by Thevelin et al. [26] had similar IRR (Cohen's kappa values from 0.33 to 0.86 and a Fleiss' kappa of 0.41), but the mean time needed to assess an admission was considerably longer (23 ± 6 min) and the method involves the use of experts in geriatric medicine. Approximately half of all admissions in this study were considered possibly medication-related, according to both the gold standard experts (50%) and the AT-HARM10 assessments (48-58%). These figures are higher than anything we have identified in the literature (the highest was 30% [3, 4] ). There are several possible explanations for this: we included all types of MRPs in our assessments and we did not assess the degree of certainty (i.e. we had the pragmatic view that for some chronic diseases, typically diabetes mellitus and congestive heart failure, it is hard to rule out the possibility that suboptimal therapy had contributed to the admission).
Another way of looking at the results is that, with ATHARM10, researchers can quickly rule out 50% of the admissions as unlikely to be medication-related. Hence, should one wish to elaborate on preventability or degree of certainty, for example using an expert panel, only half of the hospital admissions need to be evaluated in more depth.
The tool was developed in close collaboration with the intended future users, which helped to keep the process on track. Also, since AT-HARM10 has been developed and tested over a period of nearly 2 years, we feel that all possible aspects of the tool and its use have been carefully considered. All ten questions were based on criteria from previous studies or existing tools, and the tool takes into consideration all possible MRP categories. A broad range of relevant validation parameters have successfully been tested and all of these are standard parameters in validation studies [15, 17, 48, 49] .
One aspect that was deemed important throughout the study was the care taken to thoroughly introduce and demonstrate the use of the tool before starting any assessments. The tool is therefore not just the ten questions, it also includes the whole package of instructions and examples ("Supplementary material"), relying on thorough elaboration and group discussion before starting the assessments.
There are several limitations to this study. First, AT-HARM10 does not assess the degree of certainty or the preventability of MRAs. This was deliberate, as we wanted to keep the tool simple and straightforward, specifically for measuring the incidence of MRAs as a research outcome. Second, the study would perhaps have benefitted from more input from the medical profession; i.e. by including experts in diagnostics. The gold standard may not necessarily be totally reliable; however, an expert panel with full access to the patient data is the best we currently have. Third, we did not perform a comprehensive systematic review of the literature. We may have missed relevant studies in our literature review. However, no validated methods were found in a recent more structured literature review either [26] . We consider AT-HARM10 a valid and practical tool to identify MRAs in older patients and a valuable addition to already existing research methods. It is however, at this moment, unclear if the tool can be used as it is in patients younger than 65 years, by other healthcare students (e.g. medical students) and in other countries. The information sources used for the assessment may need to be adjusted for the local situation. To confirm the results of this study, AT-HARM10 would benefit from further validation performed by independent, national and international research groups with different patient populations.
Conclusion
AT-HARM10 has been developed as a practical tool to identify MRAs and the tool is valid for use in older patients by final-year undergraduate and postgraduate pharmacy students.
